Abstract Antioxidant vitamins may reduce cancer risk by limiting oxidative DNA damage. To summarize and quantify the current epidemiologic evidence of an association between antioxidant vitamin intake and endometrial cancer, we conducted a systematic literature review and meta-analysis. One cohort and 12 case-control studies presenting relevant risk estimates were identified by conducting bibliographical searches through June 2008. Doseresponse meta-analyses were conducted for beta-carotene, vitamin C, and vitamin E from food sources. Intake from supplements was not considered in the meta-analyses because of the few studies that reported relevant information. Based on case-control data, the random-effects summary odds ratios (OR) were, for beta-carotene: 0.88 (95% CI: 0.79-0.98) per 1,000 mcg/1,000 kcal (I 2 : 77.7%; p \ 0.01); for vitamin C: 0.85 (95% CI: 0.73-0.98) per 50 mg/1,000 kcal (I 2 : 66.1%; p \ 0.01); and, for vitamin E: 0.91 (95% CI: 0.84-0.99) per 5 mg/1,000 kcal (I 2 : 0.0%; p: 0.45). In contrast, the only prospective study identified provided little indication of an association.
Introduction
Endometrial cancer is the most common female gynecological cancer in the United States, ranking fourth in ageadjusted incidence and eighth in age-adjusted mortality among female cancers [1] . There is extensive experimental evidence showing the impact of dietary antioxidants in reducing oxidative stress and, therefore, influencing carcinogenesis [2] . However, only a few epidemiologic studies have evaluated the relationship between antioxidants and endometrial cancer.
In support of the Second World Cancer Research Fund International/American Institute for Cancer Research (WCRF/AICR) Report on Food, Nutrition, Physical Activity and the Prevention of Cancer: A Global Perspective published in November 2007 [3] , and commissioned by the WCRF, we conducted a systematic and comprehensive literature review of diet, nutrition, physical activity, and endometrial cancer [4] to enhance and update the previous 1997 Report [5] . In this article, we focus on the evaluation of the role of carotenoids, vitamin C, and vitamin E on endometrial cancer risk, including doseresponse meta-analyses to quantify the strength of the association. Building on the work conducted for the WCRF/AICR Report, we updated searches and metaanalyses for the purpose of this article. To our knowledge, this is the first meta-analysis published on this topic.
Materials and methods
The general methods used followed the WCRF Specification Manual which can be found online at http://www. wcrf.org and have been described elsewhere [6] [7] [8] [9] . The methods used in this article diverge from the WCRF instructions in that we followed our own criteria for inclusion of studies, as well as our own methods for data tabulation and analysis, and for interpretation of the evidence. In this article, additional sensitivity analyses were conducted, in which we repeated analyses excluding hospital-based studies. Results from the 2003 searches indicated that most citations were found in Medline and, therefore, some of the databases that did not produce any new results were not used in subsequent searches. These searches were complemented with manual searches of bibliographies in published articles. We also monitored the literature by using PubMed Alerts on ''endometrial cancer'' from January 2006 to June 2008.
Exposure terms for PubMed were provided by WCRF and can be found in the Specification Manual and in the Appendix of another article [7] . General terms included diet [ Article selection and data extraction
Overall search results and article selection have been described elsewhere. In brief, citations identified from these searches were reviewed independently by two of the authors (LHK, EVB) for relevance. Articles identified through PubMed Alerts were similarly reviewed for relevance. Of the 325 articles identified through June 2008 evaluating some aspect of nutrition, diet, physical activity, and endometrial cancer, 17 mentioned antioxidant vitamins [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] ; all were written in English.
Data were extracted by trained research personnel on study characteristics, and results using an AccessÒ program developed by Leeds University under WCRF sponsorship. Each entry was reviewed by at least one of the authors.
Statistical analysis
Meta-analyses were conducted separately by study design. Because there were only a few studies evaluating each antioxidant vitamin, we had limited power to assess publication bias through funnel plots, or to conduct sensitivity analyses and meta-regression. To be able to conduct doseresponse meta-analyses, results were transformed into a common nutrient-density scale, as described elsewhere [4] . Study-specific odds ratios were estimated for the same energy-adjusted ''dose'', which corresponded approximately to the difference between the median intakes of the highest and lowest categories of intake across the various studies. If confidence intervals were not reported, they were estimated based on the number of cases and controls in each category of exposure [27] .
For studies reporting only categorical analyses, an estimate of mean intake for each category was computed following the methodology developed by Chêne and Thompson [28] . The iterative method described in Greenland and Longnecker was used to estimate a single logistic regression parameter per study [29] . This method imputes expected numbers of cases and controls (or cases for a prospective study) and computes the logistic regression slope parameter (which may be interpreted as the log relative risk) and standard error. Finally, we estimated fixed-effects and random-effects pooled logistic regression coefficients across studies. We used the random effects models in forest plots and for interpretation of the evidence, since it uses a combination of the ''within study'' variance and the ''between study'' variance for computing weights. The Chêne and Thompson and Greenland and Longnecker algorithms described above were implemented in the statistical language R (R Development Core Team, 2003) .
Results
We identified a total of 17 articles from one randomized trial [10] , two cohort studies [12, 17] , and 12 case-control studies [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] presenting findings on antioxidant vitamins and endometrial cancer risk. One of the cohort studies [12] evaluated serum beta-carotene. Two articles by Goodman et al. [13, 14] were from the same case-control study. Also, the study by Levi et al. [24] is an earlier report from the same study described in the article by Negri et al. [23] . The study characteristics in the cohort and case-control studies evaluating dietary intake of antioxidant vitamins are presented in Table 1 . As shown in this table, included studies were conducted in Canada, Finland, the United States, China, Sweden, Greece, Switzerland, Italy, and Mexico. Studies included also varied considerably in dietary assessment tools used. One cohort study [17] and one case-control study [25] focused on adenocarcinoma of the endometrium, while the outcome in all of the other studies was endometrial cancer. Adenocarcinoma accounts for approximately 90% of all the endometrial cancers [30] .
Carotenoids
Most studies evaluating the relationship between dietary carotenoids and endometrial cancer focused on carotene or beta-carotene. We found one cohort study and 11 articles from 10 case-control studies reporting on dietary betacarotene/carotene, listed in Table 2 . As previously mentioned, the article by Levi et al. [24] is an earlier report from the same study described in the article by Negri et al. [23] . Out of the 10 case-control studies, seven suggested an inverse association with carotene [22, 25] or betacarotene [13, 18, 21, 23, 26] . In contrast, two case-control studies suggested increased endometrial cancer risk with dietary beta-carotene [15, 20] . The remaining study [17] evaluated dietary beta-carotene and total beta-carotene and reported null associations for both. The cohort study [17] suggested an inverse association, but the confidence interval included one. In addition to these studies, the association between serum beta-carotene and subsequent risk of cancer after eight years of follow up was evaluated using a nested case-control design within a longitudinal study in Finland [12] . There was no significant difference in serum beta-carotene levels between the 12 cases and 21 controls that comprised the endometrial cancer analysis. A relative risk estimate was not reported. Lee et al. [10] evaluated the effect of beta-carotene supplementation in the Women's Health Study. Among women assigned to receive beta-carotene (50 mg on alternate days, n = 19,939) or placebo (n = 19,937), there were no statistically significant differences for all cancers combined (RR: 1.03 (95% CI: 0.82-1.28) or site-specific cancers. For cancer of the uterus, there were 31 cases in the beta-carotene group and 27 in the placebo group (no relative risk or any other data presented).
Other carotenoids have not been widely investigated. Only one case-control study evaluated alpha-carotene [18] and reported an OR of 0.6 (95% CI: 0.4-1.0). Two casecontrol studies of cryptoxanthin intake [17, 18] found slightly elevated risk, but the confidence intervals included 1.0. The only cohort study [17] evaluating the association did not find much evidence of a relationship. One cohort study [17] and three case-control [13, 17, 18 ] studies evaluated lutein. All the four studies reported risk estimates below one. McCann et al. [18] evaluated lutein with zeaxanthin, and reported an odds ratio of 0.3 (95% CI: 0.2-0.5). The same four studies also evaluated lycopene. Two of the three case-control studies [17, 18] and the cohort study [17] reported a decreased risk. The relative risk reported in the cohort study was 0.63 (95% CI: 0.43-0.94).
Meta-analysis
There were sufficient data only to conduct analyses on beta-carotene. The cohort study and 10 case-control studies reporting on beta-carotene or carotene listed in Table 2 were considered for inclusion in meta-analyses. We excluded the studies by La Vecchia et al. [22] and Salazar-Martinez et al. [26] because they did not include an estimate of total energy intake, which was needed to convert the reported units into a common scale in mcg per 1,000 kcal. La Vecchia et al. [22] reported a strong inverse association (OR = 0.27, 95% CI 0.12-0.6) with carotene consumption, whereas Salazar-Martinez et al. [26] presented a weaker inverse association (OR: 0.79; 95% CI: 0.41-1.50). Dose-response analyses are shown in Fig. 1 . As shown in the figure, the derived ORs for the two studies reporting on carotene [15, 25] are similar to the other derived ORs from the other studies reporting on beta-carotene. There was significant heterogeneity among the eight case-control studies included in meta-analyses, with an I 2 of 77.7% (p value for heterogeneity \0.001). The randomeffects pooled OR was 0.88 (95% CI: 0.79-0.98) per 1,000 mcg/1,000 kcal. The fixed-effects summary estimate Vitamin C As shown in Table 3 , one cohort study [17] and 11 articles [14-18, 20, 21, 23-26 ] from 10 case-control studies evaluated endometrial cancer risk and vitamin C. The cohort study [17] found no association with vitamin C from food sources and suggested an elevated risk for vitamin C supplements. Neither result was statistically significant. Out of the 10 independent case-control studies examining vitamin C from food sources, five reported ORs below one [14, 18, 21, 23, 25] . One study [16] suggested elevated risk, but the confidence interval included one. The remaining four studies reported no association [15, 17, 20, 26] . One of these case-control studies [17] also examined vitamin C from food and supplement sources and found no indication of a relationship. Two additional case-control studies evaluated vitamin C supplements and presented conflicting results. Terry et al. [19] found slightly reduced risk for daily versus never use, while Barbone et al. [25] reported an increased risk for ever versus never use. Confidence limits for both risk estimates included the null.
The cohort study and all but one [26] of the 10 independent case-control studies (listed in Table 3 ) that reported vitamin C from food sources, were included in doseresponse meta-analyses. Results by Levi et al. [24] were not included because they were based in part on the same study population as the study by Negri et al. [23] . All cutpoints were transformed into a common scale of mg/1,000 kcal of vitamin C intake. The study by SalazarMartinez et al. [26] was not included in meta-analyses because it did not present an estimate of total energy intake and, therefore, transformation into a nutrient-density measure was not possible. Confidence intervals were derived for the two studies that did not report them [15, 23] . Doseresponse analyses are shown in Fig. 2 . There was moderate heterogeneity among case-control studies (I 2 : 66.1%, p for heterogeneity: 0.003). The random-effects pooled OR from the case-control data was 0.85 (95% CI: 0.73-0.98) per 50 mg/1,000 kcal of vitamin C. The fixed-effects pooled estimate for the same increment was 0.88 (95% CI: 0.82-0.95). The derived RR for the cohort study corresponding to the same increment was 1.01 (95% CI: 0.79-1.28). Sensitivity analyses were conducted by excluding hospital-based studies: Barbone et al. [25] , Negri et al. [23] and Tzonou et al. [20] . Removing these studies essentially did not influence the results (Fig. 2) .
Vitamin E
One cohort study [17] and seven case-control studies [13, 17, 18, 21, 23, 25, 26] evaluated vitamin E intake from food and endometrial cancer risk (Table 4 ). The cohort study [17] and one case-control study [26] found no association. The remaining six case-control studies reported odds ratios less than 1, although all of the confidence intervals included the null value. One of these case-control studies also evaluated vitamin E from food and supplements [17] and reported an odds ratio of 0.91 (95% CI: 
Meta-analysis
The cohort study [17] and all but one [26] of the seven case-control studies which reported on vitamin E from food sources were included in the meta-analysis. The remaining study [26] was not included as it did not provide a value for total energy intake which was needed to transform the exposure units to a common scale. Confidence intervals were estimated for one study which did not report them [23] , and all cutpoints were transformed to a common scale. Dose-response analyses are shown in Fig. 3 . There was no evidence of heterogeneity among studies, with an I 2 value of 0.0% (p = 0.448). The random effects pooled odds ratio was 0.91 (95% CI: 0.84-0.98) and the fixed-effects pooled odds ratio was 0.91 (95% CI: 0.84-0.99) per 5 mg/1,000 kcal of vitamin E intake. Additional sensitivity analyses conducted by excluding the two hospital-based studies [23, 25] essentially did not influence results.
Discussion
Our systematic literature review and meta-analyses suggest a modest reduction in endometrial cancer risk with higher consumption of beta-carotene, vitamin C, and vitamin E from food sources, based on data from case-control studies. We estimated a 12% reduction of endometrial cancer risk per 1,000 mcg/1,000 kcal for beta-carotene, a 15% decreased risk per 50 mg/1,000 kcal vitamin C, and a 9% reduction in risk in per 5 mg/1,000 kcal vitamin E.
However, there was little indication of an association in the only prospective study evaluating these associations. There was also little indication of a benefit from using beta-carotene, vitamin C, or vitamin E supplements.
To our knowledge, this is the first published systematic literature review and meta-analysis of the relationship between these dietary anti-oxidant vitamins and endometrial cancer. In the 1997 WCRF/AICR Report [5] , based on a narrative (and not comprehensive) review of the literature, while the evidence was suggestive of a decreased risk associated with carotenoids, the evidence was deemed ''insufficient'', as only four case-control studies were identified [15, 22, 24, 25] . In the 2007 WCRF/AICR Report [3] , the evidence was deemed ''limited-no conclusion'' for beta-carotene, based on our meta-analysis [4] of one cohort study [17] and seven case control studies [13, 15, 17, 18, 20, 23, 25] . The classification of ''limited-no conclusion'' was given to exposures for which available data were so limited or inconsistent that no firm conclusion could be made. Since the publication of the 2007 report, we identified and included in the meta-analysis one additional case-control study [21] , which strengthened the evidence of an inverse association from case-control study data. Beta-carotene has been considered for decades an anticarcinogenic agent based on its potent antioxidant [31] , antimutagenic [32] , and immuno-regulatory [33] actions. However, the role of beta-carotene in carcinogenesis has been controversial following the results from the CARET [34] and ATBC [35] trials, in which it was shown that betacarotene supplementation unexpectedly increased lung cancer risk in smokers. Whether beta-carotene from food sources as opposed to supplements may still play an important role in cancer prevention is unclear. The doses of beta-carotene in these trials were substantially higher than that typically found in the diet. In addition, food sources of beta-carotene typically contain other compounds that may There was also mention in the 1997 WCRF/AICRF Report [5] of inconsistent findings and insufficient evidence for vitamin C, based on four case-control studies [15, 16, 24, 25] , and the 2007 WCRF/AICR Report [3] found the evidence ''limited-no conclusion'', based on our meta-analysis [4] of one cohort [17] and eight case-control studies [13, 15-18, 20, 23, 25] examining the association. Since the publication of the 2007 Report, one more case-control study evaluating this association has been published [21] and was included in the meta-analysis presented in this article. This study reported a strong inverse association with vitamin C. Vitamin C is a water-soluble antioxidant essential to maintain the extracellular matrix through its role in hydroxylation of proline, an amino acid integral to the synthesis, and structural integrity of collagen. The role of vitamin C on cancer chemoprevention has been attributed to its ability to stimulate immune function, inhibit nitrosamine formation, and block the metabolic activation of carcinogens, as well as its potential for preventing oxidative stress [36] . It has been demonstrated in a number of studies that vitamin C helps to minimize DNA damage [37] . Vitamin C may also influence cellular differentiation, possibly through modulation of gene expression [37] . While the evidence relating supplemental vitamin C to cancer prevention may be equivocal [38] , the meta-analysis conducted here relates to vitamin C from foods. As such, any observed estimated effect may not be attributable solely to vitamin C, but may reflect a combination of the multiple beneficial vitamins and other factors found in foods rich in vitamin C, or in dietary patterns that emphasize these foods.
Vitamin E was not mentioned in the 1997 WCRF/AICR Report, and the 2007 Report also found the evidence to be ''limited-no conclusion'', based on our meta-analysis [4] of one cohort study [17] and five case-control studies [13, 17, 18, 23, 25] . Since the publication of the report, we identified one more case-control study [21] evaluating the association, which provided additional evidence for an inverse association. Vitamin E is a lipid-soluble antioxidant that is known to help prevent lipid peroxidation. As oxidative stress is thought to be one central mechanism in carcinogenesis, high vitamin E levels may generally help prevent carcinogenesis due to oxidative damage. For example, there is some suggestion that vitamin E may enhance DNA repair [39] . Vitamin E may also play an important role in immune function [40] . As the metaanalysis conducted here refers to vitamin E from food sources rather than supplemental vitamin E, a possible inverse association of vitamin E with endometrial cancer may be acting as a marker for other foods or dietary patterns associated with higher levels of vitamin E intake.
We found high heterogeneity among studies for vitamin C and beta-carotene. Because of the small number of studies evaluating these associations we were not able to conduct meta-regression or detailed sensitivity analyses to explore sources of heterogeneity. However, type of study (population-based vs. hospital-based) did not seem to explain heterogeneity. As shown in our tables and figures, most studies included in our meta-analyses adjusted for the most important confounding variables, BMI and total energy intake. In contrast, another important confounder, cigarette smoking, was not taken into account by all studies. However, this did not seem to be an important source of heterogeneity, as, for example, an inverse association between beta-carotene and endometrial cancer was suggested in studies adjusting [18, 25] and not adjusting [21, 23] shown in Table 1 , the number of items in the questionnaires vary considerably among studies) and possible various degrees of residual confounding in the different studies.
In conclusion, our meta-analyses suggest a possible inverse association of dietary antioxidants vitamin C, vitamin E, and beta-carotene from food sources with endometrial cancer risk and point to the need to evaluate their potential protective effect in well-designed large cohort studies. As supplemental sources of these antioxidants are widely used in the US and some other countries, more studies reporting on the effects of supplemental intake would also be helpful to determine whether findings from food and supplemental sources are congruent. Furthermore, little is known regarding the interaction between antioxidants and other lifestyle factors. Based on the current literature, the 2007 WCRF/AICR grading of the evidence for the associations of vitamin C, vitamin E, and beta-carotene intakes with endometrial cancer risk of ''limited-no conclusions'' remains appropriate.
